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INVESTIGATIONS OF THE ADMISSIBLE OXYGEN FLOW VELOCITY
IN STEEL PIPES FROM A SAFETY POINT OF VIEW¥

W. Wegener

Operational Dangers and Safety Requirements /U46g%#*

The use of steel pipe in pipe systems for compressed oxygen
has been subjected to certaln safety requirements in Germany since
the year 1942.%¥%¥ Tt has only been modified siightly since that
time. One of the important restrictions is the limitation of the
flow velocity of oxygen to 8 meters/second. The reason for this
restriction is that at higher velocities there is a danger of
pipe fires. This occurs when scale and corrosion products separ-
ate when moist oxygen 1s belng transported. These products are
then carried along by the flow and can start to glow because of
friction at the r'ne walls. The existence of this danger has /B70
been verified in a certain sense. When new pipelines which are
somewhat contaminatsd are cleaned by a high-pressure flow, one
can observe fire phenomena at the two ends. The oxygen flow
velocities which occur are then considerably higher than those
usually used in the oreration of the system. Cn the other hand,

*Communication No. 6 of the Machine Installation and Report
No. 360 of the Machine Board of the German Association of Iron
Miners. Reprint rcguests should mention the Group No. D No. 758.
Communication of the Federal Institute for Material Testing.

¥#Numbers in the margin indicate paglnation of the original
foreign text.

#%%Joint Bulletin of the Relchs Business Minlstry and Reichs
Labor Ministry of November 28, 1942, as well as directives for
the use of steel pipes in pipe systems (distribution networks
for compressed oxygen). Reichsarbeitsbl. (1943) Nr. 1, P. III,
1, u. Bundesarbeitsbl. (1955) Nr. 12, P. U481/84,
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the oxygen pressure 1is relatively low.

The operational dangers which did occur at the time were
tested by experiments. However, the experimental results were
not published. Therefore today we can no longer determine what
the exact conditions were for which flashes occurred in pipes.
Other investigations showed that the oxygen lines installed up
to the year 1942 were made of unalloyed steel almost without
exception. Also we found that the systems were operated at flow
velocities below 8 meters/second. Apparently the oxygen fluxes
corresponded to the operational requirements. This could have
been the reason why the highest permissible velocity was specified
at 8 meters/second. According to present technical requirements,
this limiting value is too low.

The directives for Germany were in part taken over by other
countries. For example, in the United States and Great Britailn,
other recommendations have been published. In these cases, they
were usually in the form of plant specifications or they were
specified by insurance companies. They are different from the
German specifications because they allow higher flow velocities
which are specified independent of the pressure.

Good results have been obtained with flow velocities over
8 meters/second. For this reason and because oxygen 1s being
used in metallurgical installations to an ever increasing degree,
the Association of German Iron Miners and the Mining and Rolling
Mill Assoclatlions decided many years ago to again test the safety
aspects for oxygen steel plpe systems. The purpose was to reduce
the restrictions. A research contract was awarded to the German
Institute for Material Testing (BAM) after a joint conference
with the Ministries for Labor and Social Order, the BAM and
other occupational assoclations and operators of air-separation
plants.
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Experiment Planning

The experiment planning was structured into three phases.

1. A suitable test set-up had to be developed for experi-
ments under laboratory conditions. This installation was operated
at differing flow velocities. Solids were introduced into the
oxygen stream and their influences in straight and curved pipes
was observed. The experimental set-up had to be designed so
that it could be transferred to larger scales with as little
change as possible.

2. Subsequent to thls, a large test section should be
operated, in which experiments made with the Ilnstallation mentioned
in Paragraph 1 could be made.

3. Finally a continuous test section is to be installed,
in which oxygen, having the conventional purity, l1.e., without
any solid additives, was to be operated over a time period of
several weeks at a high velocity.

The experiments carried out under laboratory conditions were
performed in the open air ground installation of the German
Ministry for Material Testing in Berlin-Dahlem. They were con-
cluded approximately two years ago. The experimental set-up and
the essential results were reported in [1]. This is why we will
now report on the second and third phases of the experiments.

The test sectlons were built at the Dulsburg-Ruhrort factory
of the Phoenix~-Rheinrohr AG.
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Figure 1. Diagram of the experimental set-up.

Experimental Set-Up

From an approximately l5-meter high NW 300 (nominal width
300 mm) oxygen pipe there is a NW 200 bend which drops down per-
pendicular to it. It runs into a vertical NW 150 pipe through a
sleeve valve. After 53 m, the steel pilpe 1s extended by means of
a 13 m long copper tube pipe having the same dimensions. From
this main line there 1s a bypass line, which can be closed off
by means of a sleeve valve. It contains a container for intro-
duced solids (Figure 2). Just before the connection flanges for
the test section, there 1s a
. connection between the bypass line
: P : -\"“"”;_, AR aand the main line. The adjacent
[: S “‘%\/”’:ﬁ NRY “‘“‘3“‘:\; test section ends with a 6-m long
> g N
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g:%f:@d‘:*ﬁ | A ‘__,,_w-‘!’ safety section, which has exchange-
P e e ‘;:’f‘?; { able restrictors in it. The re-
] ik%fi:3;~\' ‘jf?ﬁ ;;; strictor diameter determines the
13 \“‘l (LR ¢>ag:-5ﬁ amount of oxygen flowing per unit

Figure 2. Bypass pipes with of time and therefore also deter-

gg?ﬁii“er for collectlon of .05 the flow velocity in the
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test section. The safety line and the restrictors are made of
copper. If steel were used, the sollds carried along by the
oxygen flow could trigger an undeslirable fire in the pipe when
they impact the restrictor vertically.
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The oxygen flows into the free atmosphere. Because of the
considerable noise levels, it later on became necessary to install
a sound absorber at the plpe end. It also seemed appropriate to
install the restrictors in an eccentric manner along the lower
parts of the tube end, so that the introduced foreign particles
could not accumulate there.

There is an additional restrictor in the main line between
the tap and reentry point of the bypass line. Because of the
restricted tube cross section at this point, part of the oxygen
flows through the bypass line and carries along the materials
introduced into the container. Manometers are Installed ahead
of the test sectlon as well as at its end. These measure the
pressure decrease in the line. All the lines and the valves are
designed for ND 40 (nominal pressure U0 atmospheres gauge pres-
sure). The valves are operated from a secured panel with a
pneumatic system.

Forty-meter long straight steel pipes having nominal dimen-
sions of 40, 50, 65 and 80 were avallable for the test section.
However, as we will show later on, only the NW 40 line could be
used, During the experiments in the middle of the test section,
i.e., that is about 20 meters from the beginning, elther two 5s
bends (arc radius = 5 x tube radius) or an expansion arc with
four 3s or 5 D bends (arc radius = 5 x pipe radius) were welded
in,
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Determination of the Flcw Velocity

A uniform flow veloclity, which was not known at first, was
adjusted by means of the restrictors (Figure 1), which were
installed at the ends of the safety line. This meant that
repeatable experimental conditions were produced. The oxygen
flux could not be determined with measurement restrictors, because
there was a danger that the writing instruments would be damaged
because of the pressure shocks in the line which occur when the
slide is open and closed before and after each experiment. Since
the aperture ratio of the measurement restrictor should corres-
pond to the expected flux, it would have been necessary to exchange
it with a considerable expenditure in time when other velocities
were tested.

Another possiblility for calculating the oxygen flux was
then considered. This is based on the fact that compressed gases
flow into the atmosphere at the speed of sound, as long as the
pressure ratio is above the critical pressure ratio. The amount
of outlet flow 1s primarily determined by the pressure and
temperature of the gas ahead of the restrictor as well as the
restrictor cross section. The discharge ratio o must be intro-
duced as a correction factor. It considers the jet constriction
due to sharp edges and similar effects. Therefore it essentially
depends on the geometric shape of the restrictor. Because of
the unknown dlscharge ratlios in the restrictors, the calculated
discharge amounts were uncertain.

Finally another method was used. It led to exact values.
The NW 300 oxygen line mentloned and used in the experimental
arrangement could be closed off over a distance of about 360 m
by means of a slide. This closed off part of the tube including
the main line ahead of the test sectlion forms a "container"




having a volume VB of about 27 m?®. After the slide in the main

line 1s opened, the oxygen flows through the test section and
through the final restrictor to the outside air. The line
pressure decreases from about 28 atmospheres operational pressure
to about 10 atmospheres depending on the cross section of the
final restrictor and during a time interval of about 5 to 20
minutes. If the recorded pressure p values are plotted as a
function of time t in the form 1lg p = f(t), we obtain a straight
line. The inclination of this line 1s proportional to the flow
velocity at the beginning of the test section. The somewhat
simplified derivation 1s as follows (notations see Table 1):
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TABLE 1
NOTATIONS USED

Ty

:
§
p
3
§

F = cross section of the test section in m?
volume of the plpe segment which can be blocked
ahead of the test section in m?

Py = normal pressure (= 1.033 at)
Toe = normal temperature (= 273° K = 0° C)
Vo = gas flow in Nm®/sec reduced to normal conditions

(po, To)

p = gas pressure in at

T = absolute gas temperature in °K
w = gas velocity in meters/second
t
3

MR, AP g
b=
w
"

= time in seconds
= gsubscripts characterizing the experimental
conditions at the following points: 1 — at the
beginning of the test section; 2 — at the end of
the test section; 3 — in front of the final
restrictor
p', t', T' = for unsteady flow [(dp/dt) + 0], p and p' are the
gas pressures at the times t and t', respectively,
‘n the range of constant temperature T'.
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The gas volume flowing through the NW 300 line per unit of
time and recalculated per normal conditions 1is specified by the
equation

Vo=-1pg" 1_7‘0.(1_1?_1
o= B ;‘; T, dt (1)

The same pressure and the same temperature exist at the beginning

of the test section. The equation which specifies the gas volume,

also recalculated for normal conditions, flowlng through the cross '
section F per unit of time at the velocity w; — if the pressure ‘
change dp 1is ignored — 1s

Vo=F-u T (2)

Since the gas fluxes specified by Equations (1) and (2) must be
the same, the differentlal quotlient has the value

‘U Py (3)
B

After transforming the above,we obtain the followlng equation which
must be integrated

dp, F /
.__=:__.’_¢u~ . dt
-/ M Ve ! / (b)

and after carrying out the integration we find
, F ,
Inp,-—lnp,a—--‘-,-;»u-,'(t-f). (5)

Using base ten logarithms, we finally obtain the following equa-
tion for the flow velocity at the beginning of the test section

F r=i (6)




In the determination of w, it is necessary to consider the /U472

fact that the oxygen cools off (T; + T';:) during expansion in the
NW 300 1line. It was found that for a pressure drop from 28 atmos-
pheres to about 20 atmospheres the temperature dropped from
between 8 to 10 degrees C below the outside temperature. However,
because cof the increase in heat transfer, from the atmosphere, 1t
remained constant along the line. The function lg p = f(t) is

A therefore only linear in the range of the final temperature T';.

; Figure 3 shows such a curve.

The veloclty w,; calculated
B T
41 ( , ; ! according to Equation (6), which
i
|

ﬂ

.
|

-

i is only valld for T':, can be
ol -«,f<n.ml~4 ccrrected for any other temperature
Ty by multiplying it with /T /T7,.
This correction factor is found
from the temperature dependence of
T u the velocity of sound which exists
.  w W a0 20 w0 gt the final constrictor. It is
Time in seconds
Figure 3. Pressure decrease not important whether the gas tem-
in the pipe NW 300. peratures Ty or T's; (ahead of the
final restrictor) agree with the
gas temperature T, or T'; (at the beginning of the test section),

respectively, This 1s because the value of the quotient Tn/T'n
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remains almost unchanged. This then results in the final relation-
ship for the flow velocity at the beginning of the test section

woe Ve R =lept VT, (7
ﬁ“=2’302b'~;‘-'—2:-‘—tt—-‘ T;‘

The pressure pa at the end of the test section can be calcu-
lated according to the flow velocity which exists there
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u‘,=u‘l Il’ (8)
w: to be substituted 1s taken from Equation (7). No temperature
correction is necessary because there were no measurable differ-
ences between T; and T:.

The values of w; and w2 determined in this way for various
L restrictor cross sections have a maximum possible error of +3%.
It 1s important to realize that for steady flow, the velocity
found 1s independent of the absolute pressure in the main line.
This means that fluctuations in the average 28 atmospheres opera-

;

tional pressure could be ignored. F
.

o

Experimental Procedure i

Before each test series we determined the flow velocity w:
and measured the pressures p; and pa2 at the beginning and end of
the test section. It was especially important to make sure that
there were no differences when the bypass line was opened or
closed. Otherwise the cross section of the restrictor in the
main line had to be enlarged. The measurements after each test
series gave values within the experimental error bounds.

s e S b e i et ak S

During the test series, the slide in the NW 300 line remained
open. Thus the same pressure prevailed at all times (27 to 29
F atmospheres, corresponding to the operational pressure).

The container in the bypass line was filled with 1 to 2 kg
1 of solids while the main lin: was not under pressure. It was
then again hermetically clos:d. After the slide was opened in
the main line, we first had to wait until there were stationary
flow conditions. Then the slide in the bypass line, which had
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been closed up to that time, was operated and the solids were
introduced from the contalner into the test section. Depending
on the materlal, the contalner was emptied after 0.5 to 1 mirn .tes.
As soon as there was only pure oxygen in the test section, the
cxperiment could be terminated.

We used roll scale, welding cinders and rust as solids.
These are materials which can be introduced into the lines by
modification, operation or displacement of the systems. 1In
addition, we also used sand. For example, sand 1s used for sand
blasting storage contalners. We used flue dust as a comparison
material because of its high iron oxide content. We also used
coke, stone c¢oal, and sand and iron powder mixtures, which are
more or less combustible materials. The solids were sometimes
in powder form or 1in granular form. The grain sizes were as high
as 5 um. The dry oxygen used had a purity of about 99.6%.

The first experiments were carrlied out in a straight pipe
segment at a flow velocity of 30 meters/second at the beginning
and 33 meters/secor.l at the end of the test section. According
to results of earlier laboratory experiments [1], these condi-
tions were still not dangerous for the lines. Later on we
increased the initial velocity up to 53 met..,s/second when various
lines, both curved and stralght, were installed. The final
velocity calculated from a pressure loss of 38% amounts to
85 meters/second. It was not potsible to obtain steady velocities
because of the capacity of the air-sevaration installation. This
is why we were not able to use lines larger than NW 40 as ini-
tially planned. 1In order to give a fair representation of the
operational conditions, we primarily carried out experiments with
curved lines. In contrast to this, it was only necessary to
carry out a small number of experiments with straight lines.

This was because in lines having curved segments, thesc was a
20-meter long straight pipe segment after them.

11




Experimental Results

Table 2 shows the 1results cbtained with various materials
for various cxygen flow veloclities for the straight test section.
Table 3 shows the same thing for the lines with curved segments.
1t is not necessary to further classify them according to radil
of the pipe bends, because we were not avle to detect differences
in the experimental results.

The final restrictors used to limit the discharged amounts
of oxygen had diameters of 12, 13, 15, 20, 26, and 32 mm.
Accordingly, there were stepped flow velocities in the test
section. As the number of experiments was 1lncreased, the
restrictor cross section gradually increased because of erosion,
so that the flow velocity also increased. The oxygen temperature /473
which depends or. che outside temperature also had a small influ-
ence on the flow velocity. 1In additlon, the oxygen pressure
fluctuated according to operational conditions. Nevertheless,
i cll experimental conditions remained within small limits.

Rust, Flue Dust, Sand

4 The solids rust, flue dust and sand were found to be safe.
] We were not able to find glowing particles at the end of pilpes
or flashes 1in the pipes themselves in either straight lines or
t lines having several bends. Flow velocity values up to 53 meters/

second and oxygen pressures up to 28 atmospherer . ~viiled at the
beginning, and the maximum values at the end of <ie rest section

were 85 meters/second and 17 atmospheres. We could crly observe

dense dust clouds.

12
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TABLE 2
EXPrRIMENTAL CONDITIONS AND RESULTS
FOR A STRAIGHT TEST SECTION

Added solid

Flow velocity w and pressure p
of oxygen at the beginning
(subscript 1) and at the end of
the test section (subscript 2)

y Py 1 Wy l I8
mms mata | '1ms moata

Number of
experiments
and resurltsk

Sand

Rust

Flue dust

(deposited)

Roll scale

Welding

cinders

Coke

Stone coal

18 o8 | 19 21

33 26 37 23
51 27 84 1t
a3 25 37 22
44 28 57 22
51 27 B4 1h

29 :7 33 25 33 == 37 22

51 27 84 I
33 25 317 2
4 28 57 2
51 27 84 )
33 25 31 22
44 29 57 23
51 27 84 16

29 —~ 33 25 33~ 37 )
44 ) 37 22
51 27 84 16

| 29 1 29
Zs! 22 —29 13 22 29

20 —29] 19 19 ~= 23

*+ = gparks observed; -~ = sparks not observed

Roll Scale

The same is true for roll scale 1in the case of straight

lines only.

pipe ends at an initial velocity of 28 meters/second.

In curved lines, glowing particles emerged from the

In the

case of an increased initlal velocity of 52 meters/second in one

13
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TABLE 3
EXPERIMENTAL CONDITIONS AND RESULTS
FOR A CURVED TEST SECTION

Flow velocity w and pressure p
Number of
of oxygen at the beginning
e imen
hdded solid (subseript 1) and at the end of aﬁgeiesﬁlgz*
the test section (subscript 2)
inwnlﬂc | |||p;(a | mur’r'l 's | inpa’m
Sand 30—32 | 28 —20 | 33—3n | 25 —26 4- ‘
43— 13 | 26 —28 | 55—=57 | 21 == 22 3— 3
52 28 — 29 82 18 12—
4
Rust 3032 | 28— 29 | 33— 36 | 25 —2n 4—
43— 44 26— 2R BT ——— K7 21 - 22 3—
52 == 57 27 — 24 R BE 17 | R 18 —
Flue dust 0 -3 | 24— | 33— | 25— 4—
3 = 26 == 2t 59 et 2] -2 -
(depOSited) 52 53 | 28 =29 | 82 A N B 1z
Roll scale 28 —=32 | 28 =20 | 40—36 | 20 w=2n M-, 2+
42 — 44 27 =29 55 wwme 57 2] 22 5—, 94
52 20 "2 18 3, 4+
52 29 83 18
Fire after the
first bend
Welding 13 29 13 2 a_
cinders LY 2 N % 6— 21
42 —a4 | 27—20 | 55 =57 | 21 — 22 1— 5+
50 ~—53 | 28 ==20 | B2—== 85 | 17— IR 2 13 +
Submerged 424=44 | 27 =20 | 55 =57 | 21 =22
arc welding 50— 52 | 27 —29 | 8283 | 17 =18 S I
cinders
Coke 17 3
0732 26200 | 236 | X2 2= 14
A2 =44 | 27~ =20 | 55 =57 | 2f == 22 lai
52-—53 | 27— 28 | 82~—85 | 17~ I8 13
53 29 an 18
Fire after the
fifth bend
Stone coal 13 29 13 29 2
13 2 13 29 Fire at many points
2 29 36 2% Fire after second
bend
Mixture of 20% 13 29 13 29 . ae
iron dust and ] » 3 ¥ C -3
80% sand “ 2 56 2 Fire after the
. third bend
v Fire after third
; bend

#+ = s1urks observed; - ® sparks not observed.
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case the plipe line sparked. The fire occurred just behird the

first bend of the expansion arc (Figure 4a) consisting of four

38 bends. This divided the test section into two parts. The
oxygen emerged at a very high

«“»“‘P .l \—'“2‘ :‘ _.“._L-,(, velocity from the segment ahead

‘: s ‘:«'e’i..' T~ B A of' the fire point. It blew away

E“‘,,‘ A r§ ]the resulting 1iquid iron oxide
el v et T - slag. As otner investigations

have shown, the presence of this
e il e slag is required in order for the
g AN '-?“ burning of the steel to progress

: A?*?ji \--iurfl- wu- L2]. Conseguently the fire in é
é NPT o S LA s SR » this section subsided immediately %
§ (a) Fire caused by roll after the line was broken. The :
; scale after the first bend. test sectlon segment downstream £
g of the fire location v s continu- é
i L ously bathed by the expelled

oxygen. At the same time, the
glowing slag was blown into the
line. This is why the fire con-

4 tinued until the oxygen stream was
cut off by closing the slide in
the main line.

3 : g
Y P el N

" : . DL WY \"1.: “«: ’wq - - \s y
R R R S Welding Cinders
(b) Fire caused by coke
behind the fourth bend. Some welding cinder particles
began to glow in the straight line

Figure 4, Fire in the
test section. at initial velocities of 44 meters/

second. In curved lines, some
sparks occurred at 17 meters/second. However, we were not able
to trigger a fire in the pipe for initial velocities up to
53 meters/second. 'n curved tubes and with sillicate slag from

15




submerged arc welding, which contained almost no free iron, we
were able to observe individual weak sparks for initial velocities
of U4 meters/second.

Coke, Stone Coal, Iron Powder

As expected, much more dangerous conditions prevailed when
coke, stone coal and iron powder were used than before. In the
straight tube, we were able to observe glowing of the coke parti-
cles at initial velccities of 30 meters/second. In curved pipes
this occurred beginning with 17 meters/second. At an initial
veloclty of 53 meters/second, the pipe burned out behind the
fourth 3s bend of the expansion arc (see Figure 4b). With stone /47U
coal , during the first experiment with the line having two 5s
bends, a fire occurred behind the second bend. The flow velocity
was approximately 34 meters/second. Further experiments showed
that stone coal ignites in stralght as well as in curved plpes
at velocities above about 13 meters/second. In one case, igni-
tion occurred very close to the entrance of the bypass line into
the test section. Apparently a dust explosion originated at
this point, because the test sectlon as well as the bypass line
with the sollds container was broken into many parts. In addition,
various burned points were found In the destroyed pipe ahead of
the expansion arc. When an 80% sand and 20% iron powder (flame
powder) was used, some sparks were observed at flow velocities
of 13 meters/second. At 28 meters/second initial velocity, the
line behind the third 3s end of the expansion are¢ burned off.

In the experiments carried out under laboratory conditions [1]
with iron powder, ignitions were obtained only above 43 meters/

,‘_‘-3
&
§

second.
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The course of the line fire in the experiment with roll
scale was similar to what was observed with coke, stone coal or
iron powder. We also found here that the fire does not advance
in the direction opposite to the oxygen flow direction. In omne
experiment, we were only able to observe a fire phenomenon which
lasted a short time. 1In this case the recoil produced by rupture
of the line which was transferred perpendicular to the main flow
direction because of the installed bend tore the line out of the
foundation and bent 1t greatly. The emerging oxysen was no longer
able to reach the part of the lline downstream of the fire. After
the oxygen remaining in this line segment had been reduced to
normal pressure by expanslon iInto the atmosphere, the fire could
no longer be maintained because of insufficient oxygen supply.

Continuous Run Test Section

In order to install a continuous run test section, which was
to have been operated at flow velocities of more than 8 meters/
second, an oxygen line installed in the factory was bridged by
means of a low cross sectlon bypass line. The bypass line con-
sisted of two 20- .eter long ND 40 and NW 50 steel pipes. At
firat, the rev:rsal point was connected by a large copper arc.
The oxygen f'lux was increased over two days until a velocity of
w3 = 29 ueters/second was reached at the beginning of the line
at a pressure of p; = 36 atmospheres. The corresponding condi-
tions at the end of the line were p2 = 33 atmospheres and wp =
32 meters/secotnd. After a “ime period of 36 days, the ~opper arc
was replaced by a connection plece made of steel pipe containing
two 3s tends. This bypass line, which was made entirely of steel,
remsined in continuous operation for another 28 days under the
stated conditions. No complalnts were recorded over the time
span which extended over more than two months. No changes could
be observed inside the line compared with the earliecr state.

17
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Consequences for the Test Results

In the experiments described above, we did not determine
after what path length the velocity of the introduced solids
reached a certain constant fraction of the flow velocity of the
oxygen. According to other investigation results,* we may assume
that there is a uniform veloclty ratio after only a few meters.
The question of the elgen velocity of the solids remains unanswered
as well as their dependence on certain parameters such as density,
drain size and shape of the particles, as well as pressure and
veloclty of the oxygen. These questions were not investigated
further because we believed that even if the kinetic energy of
the particles were known, for example, the production of sparks
in the lines could not be adequately explained. 1In addition,
the kinetic energy of identical particles would only have resulted
in a statistical average value. This 1s because in all test
conditions used, there were turbulent flow conditions in which the
materials moved not only parallel but also perpendicular to the
tube axis. In addition, we must consider the fact that it would
be difficult to experimentally verify theoretical models because
processes which occur inside the pipes could not be directly
observed. For this reason it 1s not possiblie even for experiments
with the straight line to state where and at what velocity and
pressure the particles start to glow because of friction or where
they start to burn. We can even assume that some sparks are pro-
duced by lmpact of the particles along the restrictors at the
tube ends. The fact that there are significantly more sparks in
curved lines even at low velocities 1leads us to belleve that they
are produced in the bends. 1In additlion the observed line fires
always begin just behind the bends. We were clearly able to show /475
that glowing particles will only occur 1in the lines, or line fires

:
k3
i
i

*pPrivate communication of the British Oxygen Company, London.
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will only occur when the velocity carries along combustible
solids at a sufficiently high velocity. Among these materials
we have roll scale and welding slag, because they contain some
amounts of free metal. Non-combustible materials such as rust
and sand only lead to mechanical damage to the pipes at the
velocities used here.

We could imagine that adding stone coal, coke and iron
powder would considerably intensify the experimental conditions.
If we conslder the fact that often easily combustible materials
can be contained in newly laid lines, then the experimental
results are important for two reasons. First of all, they show
how necessary it is to carefully remove all foreign material by
pressure cleaning before the lines are used. They also show
that 1t 1s dangerous to use oxygen for thils purpose. This 1is
why 1t 1s best to blow out the pipes using linert gases with no
0il or with air containing no oil. On the other hand, there is
no reason for alarm if combustible materials are sucked into the
line after setting it into operation. There 1s the possibility
that seal particles will enter the gas stream, but only experi-
ence can show whether this danger really exists. In any case,
we did not obtain any information on such a danger during the
experiments with the continuous test section.

It is not absolutely certain that all scale in pipes can
be removed by staining before they are laid. It 1s also not
certaln whether welding slag can be removed by blowing the pipes
out after they are laid. These materlals can separate from the
pipe wall even after the line has been set into operation.
However, there is lmmediate danger to the lines only at high
velocities, which willl probably not be used during cperation
because of the consliderable pressure losses.
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We do not have any reservations in using flow velocities
greater than 8 meters/second in steel pipelines for pressure
stages up to ND 40. If an upper value were specified, it would
be easy to consider the safety aspects because of the economical

limitations.

Danger to the Valves

Valves are required components of pipeline networks. 1In
general they contaln combustible seals which of necessity will
be in contact with the oxygen stream. Such seals can start to
burn much more easlly than the metallic components. Therefore
there is the danger that the sparks which can be produced under
the given conditions wlll cause them to ignite. Not only the
energy determines this,but also the duration over which they
are effective. The questions related to thls must be investi-
gated in separate experiments.

In addition to danger to the seals by glowing particles,
there 1s another danger for the valves. At pressure ratios of
about 1.9 and up, flow velocitles can occur which come close
to the speed of sounu. Under these conditions, thermodynamic
effects can occur which will lead to a division of the gas
stream into hot and cold partial streams if the valve . has an
unfavorable fluld-dynamlic shape. These processes were already
described a few years ago [3]. They must be given special
attention because of numerous cases of damage caused by oxygen

slides.

As long as no information and experience 1s avallable on
the question of how an increased oxygen flow veloclty in the
lines will affect the operational safety of the valves, we must
introduce appropriate measures in order to avoid accidents

caused by valve fires.
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In oxygen networks which are operated at flow velocitles
abtove 8 meters/second, new installations should only have valves
in which the housings are made of special brass or other copper
alloys. Pipe bends ahead of these valves should be avoided.

In existing lines, the installed valves with steel housings
should be replaced by houslngs made of copper alloy if this 1is
not too difficult. They can also be converted to remote control
or at least have a fireproof covering sc the operating personnel
will be protected.

We would like to thank the Federal Ministry for Labor and
Soclal Order, the Assoclation of German Mlners and the firms
Phoenix-Rheinrchr AG (Werk Ruhrort, oxygen plant), Gesellschaft
fir Linde's Eismaschinen AG (Sauerstoffwek Berlin-Borsigwalde)
and Knapsack-Griesheim AG (Weksgruppe Sauerstoff) for providing
the research material, test material and personnel. I would like
to thank Mr. R. Dreissig and Mr. W. Grinwald for their help.

Summary

By means of experimental investligations we wanted to

clarify whetner the oxygen flow velocity limit of 8 meters/second
in steel pipes according to safety regulations could be increased
without the danger of pipe fires. We were able to determine the
conditions required to produce pipe fires by an appropriately
designed test section in which the usual operatlonal conditions
were simulated and sometimes exceeded by introducing impurities
such as rust, sand, welding slag, roll scale, etc., into the
line. According to the experimental results, there is a danger
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to the lines by the usual expected impurities only at high
veloclitles which are usually not used in operational installa-
tions for reasons of economy (large pressure decrease). On the
other hand, valves are exposed to more danger. Therefore special
requirements must be placed on the design, selection of material
and method of operatlon.
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